Comparative role of phosphotyrosine kinase domains of c-ros and c-ret protooncogenes in metanephric development with respect to growth factors and matrix morphogens.
Receptor-like protooncogenes, with tyrosine kinase catalytic domains, are expressed in neoplastic and fetal tissues and potentially have a role in embryonic development. Which protooncogene may have the dominant role in embryonic renal development during the "postinductive" period, i.e., Day 10 onward, was addressed in this study by utilizing an in vitro organ culture system. The role of various receptor-like protooncogenes, with the emphasis on c-ros and c-ret, was investigated by antisense-oligodeoxynucleotide (ODN) gene-targeting strategies at a point in metanephric development when reciprocal-inductive interactions between the epithelium and mesenchyme have already been initiated and are rampant. Also, their relationship with other morphogens, like extracellular matrix (ECM) proteins and growth factors, was studied. Initial in situ hybridization and RT-PCR analyses revealed a similar spatiotemporal expression for both c-ros and c-ret in the embryonic kidneys. At Day 13, they were mainly expressed in the developing nephrons in the nephrogenic zone and ureteric bud branches, where the signals from the mesenchymal ligands are transduced to the epithelial cell surface receptors. Minimal expression was observed in the newborn kidneys. Inclusion of antisense ODNs, derived from the phosphotyrosine kinase domains, inhibited metanephric growth in the organ culture; the most dramatic effects were observed with the c-ret antisense ODN. The c-ret-induced dysmorphogenetic effects were characterized as a decrease in the population of nephrons, atrophy of the mesenchymal cells, and loss of acuteness of the tips of ureteric bud branches. Interestingly, the ureteric bud branches continue to grow in the atrophic mesenchyme. Both c-ros and c-ret antisense ODNs reduced the gene expression and biosynthesis of various ECM proteins. The proteoglycans, expressed at the epithelial:mesenchymal interface, were most adversely affected, especially by the c-ret antisense. The treatment of metanephric explants with c-ret did not affect the gene expression of c-ros and vice versa. The specificity of the effects of c-ret antisense was also reflected by a decrease of anti-Ret protein immunoreactivity. The studies were extended to establish a relationship between c-ret protooncogene and some of the growth factors which are known to influence renal development via their tyrosine kinase-like receptors localized in the ureteric bud branches, the site apparently where c-ret is also expressed. Among the various growth factors examined, transforming growth factor-alpha (TGF-alpha) and insulin like growth factor-I (IGF-I) had the most notable trophic effects on metanephric explants and caused maximal phosphorylation of Ret protein. In addition, concurrent exposure of TGF-alpha or IGF-I and c-ret antisense ODN explants caused partial recovery from the c-ret-induced dysmorphogenetic effects in the metanephroi. The data suggest that, although a number of protooncogenes share similar catalytic domains, c-ret plays a major role during the "postinductive" period of metanephric development by perturbing the growth factor-dependent expression of ECM morphogenetic macromolecules, notably that of the proteoglycans, and also by affecting certain yet undefined growth factor-mediated phosphorylation mechanism(s) involving c-ret.